Background/Objectives: The pathogenesis of preadolescent acne has not been well
skin swabs were soaked with sterilized 0.15 mol/L NaCl and 0.1% Tween-20. Forehead, cheeks, nose, chin, and the retroauricular crease were sampled, and the swabs were placed into a sterile 1.5-mL reaction tube. Unused swabs were soaked in the sterile buffer and were used as negative controls for each sampling. A positive control (mock community control) was not performed with these samples. The number of acne lesions was recorded by region. Contents extruded from one comedonal lesion were also sent for microbiome analysis.
Patients were instructed to apply benzoyl peroxide wash nightly while documenting each application in a study diary. Participants returned for a follow-up visit in 4-8 weeks, repeat skin swabs were obtained, and side effects from benzoyl peroxide wash were assessed in subjective (patient-reported) and objective (assessor-graded) methods. Medication adherence as a percentage was calculated based on the actual number of days use and the expected number of days of benzoyl peroxide application from participants' diaries.
Samples were stored at −20°C before processing. Lysis buffer (ProdermIQ, San Diego, CA) was added to each sample and was directly transferred to PCR buffer. The samples were heated to as high as 94°C on a thermal cycler. Samples were analyzed with a proprietary skin microbiome profiling panel (ProdermIQ) that covers several regions of 16S rRNA gene (V1, V2, V4, V6, V7, V8, V9) besides other phylogenetic markers. Samples were then amplified over 30 cycles using Invitrogen PCR amplification kit with the following PCR conditions: (a) 95°C 2 minutes; 15 cycles of (95°C 10 seconds, 53°C 30 seconds, 72°C 1 minutes); 72°C 3 minutes and (b) 95°C 2 minutes; 15 cycles of (95°C 10 seconds, 63°C 30 seconds, 72°C 1 minute); 72°C 3 minutes. Sequencing was performed on the Illumina MiSeq using 300 base pair paired-end chemistry. Taxonomic profiles were only reported for samples that had more than 10 000 sequencing reads.
A proprietary reference database (ProdermIQ) of taxonomic markers was used for operation taxonomic unit (OTU) picking. This reference database has been created by compiling a comprehensive list of all 16S phylogenetic markers from SILVA, GreenGenes, and NCBI databases. Reference matching was performed with 90% length coverage with minimum identity set to 97%. Individual profile tables were written for species.
| Statistical analysis
Statistical analysis and diagrams were performed using R software (version 3.4.3, R Foundation Inc., Vienna, Austria). Data from complete sample sets from pre-and post-treatment groups were investigated. R phyloseq was used for microbiome analysis. To compare overall differences between groups, principal coordinate analysis (PCoA) plots were created for visualization whereas permutational multivariable analysis of variance using distance matrices (PERMANOVA) was used for statistical analysis using the vegan package, version 2.4.2 (Adonis function on Bray-Curtis distances, permutation setting 999). For barplots, all OTUs were kept at species level, and sample abundances were converted to relative percentage. Ten species with the highest percentage over all other samples were plotted, in addition to "other,"
to account for minor species. Species with < 2% relative abundance were excluded from the analysis.
Normally distributed, continuous variables were analyzed by twotailed t tests; categorical variables were analyzed by the Fisher exact test. Continuous, non-normally distributed variables were analyzed by Wilcoxon signed-rank tests. For comparisons made between baseline and post-treatment, paired tests were used. All analyses used two-sided tests of statistical significance (α = 0.05). Data analysis was performed using SPSS v23 (IBM, Armonk, New York).
| RESULTS

| Demographics
Fifty-three participants fulfilled the above criteria and were enrolled in this study. Two participants were lost to follow-up after baseline visit and were excluded from data analysis. Thus, a total of 51
participants with complete baseline and post-treatment sample sets were included for statistical analysis (Table 1) . No correlation between total number of lesions and Fitzpatrick skin type (P = 0.19) was found. Older patients were more likely to have more lesions (P < 0.001). The extracted comedone was primarily taken from forehead (88%); other sites extracted included cheeks, nose, chin. The average medication tolerability was 0.127 (on a scale of 0 [none] to 4 [severe]); 20 patients complained of burning, drying, redness, and/ or peeling. The average rate of medication adherence was 83%.
| Microbiome analysis
In control samples, relative abundances of species were less than 0.05% of the total microbiome population. As the number of acne lesions increased, we observed a trend toward decreased prevalence of S. mitis (P = 0.255, 1; P = 0.208, 2) and an increased prevalence of C. acnes (P = 0.011, 1; P = 0.001, 2) (Figure 1 ). Similar trends were observed with increasing age (Figure 2 ). Association between microbiome composition (beta diversity) and age in years was investigated and visualized with PCoA plots. A statistical dissimilarity in microbiome was observed between ages 7-9 and 10-12 years (P = 0.001). It has been suspected that microbes other than C. acnes may play a role in preadolescent acne. 7 Younger individuals undergo follicular
plugging, yet may not have sufficient sebum production to support large densities of C. acnes. Studies on healthy skin have shown that microbial diversities evolve with age likely as a result of sebaceous gland maturation and increasing sebum secretion. 12 In this study, we confirm that in preadolescent acne, higher lesion counts are associated with differences in microbial flora. An increasing number of acne lesions are associated with a statistical increase in C. acnes and decrease in S. mitis. A similar trend was noted with increasing age. This may suggest that sebaceous gland obstruction can occur without C. acnes as an instigator. The increased prevalence of C. acnes in older participants may be attributed to the increased hormone-stimulated sebaceous gland activity. Increased sebum levels favor colonization of lipophiles over other pathogens, and even modest increases may be adequate to cause alterations in microbiome.
8,9,13
Streptococcus mitis is a commensal organism that has been reported to be found in large quantities in healthy skin of children. Areas that are characteristically sebaceous (forehead, nose) were shown to differ in microbial abundances than less sebaceous sites (cheeks, chin). These sebaceous locations reflect common areas of acne involvement in this particular subpopulation. 7 The extracted lesion had the highest abundance of C. acnes, which is compatible with the observation that C. acnes exist as matrix-encased large macrocolonies in the hair follicles. 16 Because we extruded contents of one acne lesion, it is difficult to make conclusions based on our data from extraction samples.
It has been well established that benzoyl peroxide exhibits both comedolytic and antimicrobial activity. 17, 18 Benzoyl peroxide is lethal to cutaneous organisms, such as C. acnes, with varying sensitivities. 19 Our study additionally evaluated the hypothesis that application of benzoyl peroxide alters the preadolescent acne microbiome. Based on the alpha diversity (Shannon diversity) of the skin microbiome, the number of different species and the evenness of how species are distributed were comparable between baseline and post-treatment with benzoyl peroxide wash. However, we noted around a 40% clinical reduction in acne lesions after treatment with benzoyl peroxide, which is the expected response given the treatment duration.
10
A recent study has demonstrated that treatment with benzoyl peroxide significantly decreased alpha diversity of preadolescent females with acne comparable to that of age-and sex-matched controls by sample collection with pore strips; however, this study was limited by its small sample size. 20 A plausible explanation for the lack of microflora influence may be that our study sampled microbiota from stratum corneum rather than that of the follicular unit. 18 However, microbiome analysis from the extracted lesions showed no differences from baseline to post-treatment (P = 0.978). Alternatively, benzoyl peroxide may not have been able to produce a sustained effect on the microbiome as we sampled our participants approximately 12 hours after their last benzoyl peroxide use. 21, 22 Moreover, benzoyl peroxide was administered as a wash rather than a leave-on preparation, which may impact effectiveness.
| Study limitations
This prospective, open-label trial of evaluating the microbiome of preadolescent acne was performed at a single institution in Southern California, where factors of ultraviolet/visible light, heat, and population demographics, such as age and BMI, can influence acne severity. 3, 23 Boys were not included in the study, which limits the external validity. Another study limitation includes the skin swab method, which is a noninvasive surface sampling technique that limits its assessment of the microbiology of follicles. 16 
| CONCLUSION
